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World Primary Energy Supply by Source, 1850-1997
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Estimated World Oil Ultimate Recovery (EUR)
and Remaining Stocks - 2000
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Temperature, past and future
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Weather-related economic damages have
Increased

The great weather and flood catastrophes
over the last forty years

Losses in US billion dollars
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Biosphere

Sea-viewing Wide Field-of-View Sensor (SeaWiFS)
data on marine and terrestrial plant productivity
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"Empty World" Model of the Economy
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"The prevailing standard model of growth assumes that there are
no limits on the feasibility of expanding the supplies of non-
human agents of production. It isbasically atwo-factor model in
which production depends only on labor and reproducible
capital. Land and resources, the third member of the classical

triad, have generaly been dropped...the tacit justification has
been that reproducible capital is anear perfect substitute for land
and other exhaustible resources.”

Nordhaus, W. and J. Tobin. 1972. Is Growth Obsolete? National
Bureau of Economic Research, Columbia University Press, New
Y ork.




“Full World” Model of the Ecological Economic System

positive impacts on human capital capacity
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From: Costanza, R., J. C. Cumberland, H. E. Daly, R. Goodland, and R. Norgaard. 1997. An Introduction to
Ecologica Economics. St. Lucie Press, Boca Raton, 275 pp.
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ILLUSTRATION 1:
HUMANITY'S TOTAL FOOTPRINT 1961-2000
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More realistic vision of human behavior

Gund I nstitute for Ecological Economics, Univer sity of Vermont
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"Antonio Damasio s a

profound thinker and an

ElE!g ant writer

Dascartes” Error is a
fascinating exploration
of the biology of reason

and its inseparable

Qmm

DAMASIO

We devote a huge chunk of our brainsto recognizing faces and reading other people's
emotions and intentions. Thisis essential to allow social capital to form and to build
rulesand normsthat can avoid freerider problemsand other social traps.



Mean of percent Happy and percent Satistied with lite as a whole

[ele]

95

=le]

a5

80—

75

o

G5

G0

55

&0

45—

40

35

a0

— keland
N, Hether- g i
Iieland . lands g Denmark Switzerkn
Iretand
— . Finknd®3weden = o ho oy -
Pl Mew  wSmalE o Boigiim L.sa.
o Zealand Erimin
Carmda
— . Italy
Colo.mbia Tazvan Somgl(oraa FI?:CE .Wast GEr iy
Philippires gy Venezuel ) JapaAn‘ -
Ghana ® Mezxico Span st
Migeriz L Egﬂna - ; 8 gChile .Gesragtny
- [ ] Do, ep_"-"‘:‘l“"“- Portugal g
Parde® paisan  WPaland Czech ¥
a
India Turkey  Sloweni
5. Africa .
™ .Croatia
B Skaki Yugo- W Hungar
.sla\ria
| Macedonizpg,
L [
Arerbaija
| * g latvia
E=stonia
— L Rorani
GeorgiE @
Lithuznia
Armenia B 'I. .
» ulm@ra
Hugsia
— Ukraine g
®  EBslarus
| Meldea ) | | [ | l [ | l
1000 G000 000 13000 17000 21000 25000

GNP /caplta (World Bank purchasing power parlty estimates, 1995 U.S.

Figure 2.

Subjective well-being by level of economic development.
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From: Vemuri, A. W. and R. Costanza. 2005. The Role of Human, Social, Built, and Natural Capita in

Observed Life Satisfaction versus Predicted Life Satisfaction
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From: Mulder, K., R. Costanza, and J. Erickson. The contribution of built, human, social and natural capital
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A range of goals for national accounting and their corresponding frameworks,
measures, and valuation methods

Economic Economic Welfare
Goal Income
Marketed Weak Strong
Sustainability  Sustainability
Basic value of 1+ non- 2 + preserve value of the wefare
Framework marketed goods marketed goods essential natural  effects of income an
and services  and services capital other factors
produced and  consumption (including
consumed in an distribution,
economy household work, |
of natura capital
etc.)
Non- G Glr:la? a MoE e
. ross Nation Measure of Economic
gy'g’gdmmta' ly Product) e g
ju measures GDP
(Gross Domestic
Product)
NNP
(Net National Product)
. NNP
Environmentally  (net National Product ENNP SN | SEW
adjusted measures including non- (Environmental Net  (Susteinable Nationd (Index of Sustainable
produced assetts) National Product) [ Economic Welfare)
SEEA SEEA
(System of (System of
Environmental Environmental
Economic Accounts) Economic Accounts)
IVIdIKEL VAl UES 1+W||||ngneSSZ+R | acement
Appropriate to Pay Based ((:agsts,+ 3+
Valuation Values (see Production Constructed
Methods Table 2) Values Preferences

From: Costanza, R., S. Farber, B. Castaneda and M. Grasso. 2001. Green national accounting: goals and methods. Pp. 262-282 in:
Cleveland, C. J,, D. I. Stern and R. Costanza (eds.) The economics of nature and the nature of economics. Edward Elgar Publishing,
Cheltenham, England



GDP measures marketed economic activity, not welfare

|SEW (Index of Sustainable Economic Welfare) or

GPI (Genuine Progress Indicator) are intended to be better approximations to
economic welfare, since they adjust for:

|ncome distribution

\Value of Socia Capitd

*VValue of Natural Capital

\/alue of Non-Marketed Household Work

«and other things...




|SEW (or GPI) by Column

Column A: Personal Consumption Expenditures
Column B: Income Distribution

Column C: Personal Consumption Adjusted for Income Inequality
Column D: Value of Household Labor

Column E: Value of Volunteer Work

Column F: Services of Household Capital

Column G: Services Highways and Street

Column H: Cost of Crime

Column I: Cost of Family Breakdown

Column J. Loss of Leisure Time

Column K: Cost of Underempl oyment

Column L: Cost of Consumer Durables

Column M: Cost of Commuting

Column N: Cost of Household Pollution Abatemert
Column O: Cost of Automobil e Accidents
Column P: Cogt of Water Pollution

Column Q: Cost of Air Pollution

Column R: Cost of Noise Pollution

Column S: Loss of Wetlands

Column T: Loss of Farmland

Column U: Depletion of Nonrenewable Resources
Column V: Long-Term Environmental Damage
Column W: Cost of Ozone Depletion

Column X: Loss of Forest Cover

Column Y: Net Capital Investmert

Column Z: Net Foreign Lending and Borrowing
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Genuine Progress Indicator (GPI) per capita
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From: Costanza, R. J. Erickson, K. Figger, A. Adams, C. Adams, B. Altschuler, S. Balter, B. Fisher, J. Hike,
J. Kdly, T. Kerr, M. McCauley, K. Montone, M. Rauch, K. Schmiedeskamp, D. Saxton, L. Sparacino, W.
Tusinski, and L. Williams. 2004. Estimates of the Genuine Progress Indicator (GPI) for Vermont, Chittenden

County, and Burlington, from 1950 to 2000. Ecological Economics 51: 139-155



ECOSYSTEM SERVICES

Gasregulation
Climate regulation
Disturbanceregulation
Water regulation
Water supply

Erosion control and sediment retention
Soil formation
Nutrient cycling

Waste treatment
Poallination

Biological control
Refugia

Food production

Raw materials

Genetic resour ces
Recreation

Cultural

From: Costanza, R. R. d'Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, S. Naeem, K. Limburg, J. Paruelo, R.V. O'Neill,
R. Raskin, P. Sutton, and M. van den Belt. 1997. The value of the world's ecosystem services and natural capital. Nature
387:253-260



Focus. Consequences of Ecosystem
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Proteln unfoldlng '1 he source of muqcle L]dSt]C[t\’

Calhsto An undlfferentlated satelhte

" Ocean productlvlty Nitrogen, the ultimate nutrlentf

Laboratory equipment

Costanza, R., R.d'Arge, R. de
Groot, S. Farber, M. Grasso, B.
Hannon, S. Naeem, K. Limburg,
J. Paruelo, R.\V. O'Ndlll, R.
Raskin, P. Sutton, and M. van
den Belt. 1997. Thevalue of the
world's ecosystem services and
natural capital. Nature

387:253-260.

2nd most highly cited
articlein thelast 10
yearsin the
Ecology/Environment
area according to the
|SI Web of Science.




Summary of global values of annual
ecosystem services (From: Costanza et al. 1997)

Area

Biome CLE)

36,302
33,200

3,102
Estuaries 180
Seagrass/Algae Beds 200
Coral Reefs 62
Shelf 2,660

Marine
Open Ocean
Coastal

Value Global
per ha Flow Value

($/halyr)  (el2 $lyr)
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Global (by country) analysis of therelationship between plant
speciesrichness, NPP, and the value of ecosystem services
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Figure 2: Global Map of Marketed Economic Activity
as measured by Nighttime Satellite Image proxy

From: Sutton, P. C. and R. Costanza. 2002. Global estimates of market and non-market values derivied from
nighttime satellite imagery, land use, and ecosystem service valuation. Ecological Economics 41: 509-527
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Figure 3: Global Map of Non-Marketed Economic Activity (ESP) arising
from Ecosystem Services and derived from Land Cover at 1 km’
(For National Totals See Table 1)




Valuation of
New Jersey’'s
Natural Capital
and Ecosystem

Services
Contract # SR04-075
New Jersey Department
of Environmental
Protection
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for New Jersey
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in 2001 Constant Dollars
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Figure 4: Subtotal Ecological-Economic Product
(SEP = GDP + ESP)
at 1 km2 resolution (w/ inset Boston -DC)
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[ %20- 50 Billion | year
% 50 - 100 Billbon / vear
% 100 - 200 Billion / year
$ 2iW)- - 300 Billion / year
% 500 Billion - 1 Trillion ! year
% 1 -5 Trillion / year
B S 5 - 10 Trillion / year

Figure 5: Aggregated National Map (choropleth) of ESP
(Ecosystem Service Product)




Total National SEP
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Figure 6: Aggregated National Map (choropleth) of SEP
(Subtotal Ecological-Economic Product)
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Degradation of ecosystem services
often causes significant harm to
human well-being

— The total economic value
associated with managing
ecosystems more sustainably is
often higher than the value
associated with conversion

— Conversion may still occur
because private economic
benefits are often greater for

the converted system
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Economic Reasons for Conserving Wild Nature

COStSof expanding and

maintaining thecurrent global reserve _
networ k to one covering 15% of the _
terrestrial biosphere and 30% of the
marine biosphere

BenefitS(Net value* of ecosystem

services from the global reserve

networ k)

*Net valueisthe difference between the value of
servicesin a“wild” stateand thevaluein the
most likely human-dominated alter native

Benefit/Cost Ratio = 100: 1

(From: Balmford, A., A. Bruner, P. Cooper, R. Costanza, S. Farber, R. E. Green, M.
Jenkins, P. Jefferiss, V. Jessamy, J. Madden, K. Munro, N. Myers, S. Naeem, J. Paavola,
M. Rayment, S. Rosendo, J. Roughgarden, K. Trumper, and R. K. Turner 2002.
Economic reasons for conserving wild nature. Science 297: 950-953)

$US 45 Billion/yr

$US 4,400-5,200 Billion/yr



From: R. Putnam, Bowling Alone: The Collapse and Revival of American
Community NewYork: Simon and Schuster, 2000).



Murder Rate 1980-1995

Index of Educational Performance

FIGURE 7.4

Violent crime is rarer in high social capital states
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FIGURE 7.1

Schools work better in high social capital states
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TV Watching by 4th and
8th Graders 1990-1994

Health State Index 1993-1998

FIGURE 7.3

Kids watch less TV in high social capital states
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FIGURE 7.6

Health is better in high social capital states
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Social Capital Survey Questions




Social Capital Index by Census Block Group

| Moderate
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| ntegr ated Ecological
Economic M odeling

 Used as a Consensus Building Tool in an
Open, Participatory Process

» Multi-scale, Landscape Scale and Larger

» Acknowledges Uncertainty and
Limited Predictability

» Acknowledges Values of Stakeholders

« Simplifies by Maintaining Linkages and
and Synthesizing

 Evolutionary Approach Acknowledges History,
Limited Optimization, and the Co-Evolution
of Humans and the Rest of Nature



Gund I nstitute for Ecological Economics, Univer sity of Vermont




LANDSCAPE SIMULATION
MODELING

A SPATIALLY EXPLICIT, DYMAMIC APPROACH

EOBERT COSTANIA ¥ ALEXEY VOINOW




Spatial
Modeling
Framework

Landuse or habitat

types

E o void
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I Horizontal fluxes between cells $
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Modules

System Extent
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The Everglades Landscape Model (ELM v2.1)
http://www.sfwmd.gov/org/erd/esr/ELM .html

The ELM is a regional scale ecological model designed to predict the
landscape response to different water management scenarios in
south Florida, USA. The ELM simulates changes to the hydrology,
soil & water nutrients, periphyton biomass & community type, and
vegetation biomass & community type in the Everglades region.

Current Developer s

South Florida Water Management Distric t
H. Carl Fitz

Fred H. Sklar

Yegang Wu

Charles Cornwell

Tim Waring

Recent Collaborator s

University of Maryland, Institute for Ecological Economic s
Alexey A. Voinov

Robert Costanza

Tom Maxwell

Florida Atlantic University

Matthew Evett
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The Patuxent and Gwynns Falls Watershed Model s
(PLM and GFLM)

http://www.uvm.edu/giee/PLM

This project is aimed at developing integrated knowledge and new

tools to enhance predictive understanding of watershed ecosystems
(including processes and mechanisms that govern the interconnect -
ed dynamics of water, nutrients, toxins, and biotic components) and

their linkage to human factors affecting water and watersheds. The

goal is effective management at the watershed scale.

Participants Include:
Robert Costanza
Roelof Boumans
Walter Boynton
Thomas Maxwell
Steve Seagle
Ferdinando Villa
Alexey Voinov
Helena Voinov

Lisa Wainger




Patuxent Watershed Scenarios*

Land Use Nitrogen L oading Nitrogen to Estuary Hydrology Nin GW NPP
Forest |Resid |Urban |Agro Atmos |Feﬂil |Decomp Septic [N aver. |N max |N min [Wmax Wmin  [Ngwe. [NPP
Scenario number of cells kg hdyear mg/l m/year mg/l  |kg/m2ky
1/1650 2386 0 0 56| 3.00 0.00 162.00 0.00 314 11.97 0.05 101.059 34.557 0.023 2.185
2(1850 348 7 0 2087 5.00 106.00 63.00 0.00 7.17 46.61 0.22 147.979 22.227 0.25 0.333
3|1950 911 111 28 1391 96.00 110.00 99.00 7.00 11.79 42.34 0.70 128.076 18.976 0.284 1.119
411972 1252 223 83 834 86.00 14500 119.00 7.00 13.68 60.63 0.76 126.974 19.947 0.281 172
5(1990 1315 311 92 724 86.00 101.00 113.00 13.00 10.18 40.42 1.09 138.486 18.473 0.265 1.654
6(1997 1195 460 115 672 91.00 94.00 105.00 18.00 11.09 55.73 0.34 147.909 18.312 0.289 1.569
7|BuldOut 312 729 216 1185 96.00 155.00 61.00 21.00 12.89 83.03 2.42 174.890 11.066 0.447 0.558
8 BMP 1195 460 115 672 80.00 41.00 103.00 18.00 5.68 16.41 0.06 148.154 16.736 0.23 1.523
9|LUB1 1129 575 134 604 86.00 73.00 98.00 8.00 8.05 39.71 0.11 150.524 17.623 0.266 1.494
10|LUB2 1147 538 134 623 86.00 76.00 100.00 11.00 7.89 29.95 0.07 148.353 16.575 0.269 1512
11|LUB3 1129 577 134 602 86.00 73.00 99.00 24.00 7.89 29.73 0.10 148.479 16.750 0.289 15
12|LUB4 1133 564 135 610 86.00 74.00 100.00  12.00 8.05 29.83 0.07[ 148444 16.633 0.271 1.501]
13|agro2res 1195 1132 115 0 86.00 0.00 96.00 39.00 5.62 15.13 0.11 169.960 17.586 0.292 1.702
14| agro2frst 1867 460 115 0 86.00 0.00 134.00 18.00 4.89 12.32 0.06 138.622 21.590 0.142 2.258
15(res2frst 1655 0 115 672 86.00 82.00 130.00 7.00 7.58 23.50 0.10 120.771 20.276 0.18 195
16|frs2res 0 1655 115 672 86.00 82.00 36.00 54.00 9.27 39.40 1.89 183.565 9.586 0.497 0.437
17|cluster 1528 0 276 638 86.00 78.00 121.00 17.00 7.64 25.32 0.09 166.724 17.484 0.216 1.792
18| gorawl 1127 652 0 663 86.00 78.00 83.00 27.00 8.48 25.43 0.11 140.467 17.506 0.349 1.222

* From: Costanza, R., A. Voinov, R. Boumans, T. Maxwell, F. Villa, L. Wainger, and
H. Voinov. 2002. Integrated ecological economic modeling of the Patuxent River
watershed, Maryland. Ecological Monographs 72:203-231.
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Changein value of ecosystem services since 1650 calculated based on
values estimated for different land usetypes (Costanza, et al., 1997). Further
adjusted by NPP values calculated by the model. In some casesthe NPP
adjustment further decreased the ESvalue (-), in other casesit increased it (+).



GUMBO (Global Unified Model of the BiOsphere)

Hydrosphere Biosphere

Lithosphere

From: Boumans, R., R. Costanza, J. Farley, M. A. Wilscn, R. Portela, J. Rotmans, F. Villa, and M. Grasso. 2002.
Modeling the Dynamics of the Integrated Earth System and the Vaue of Global Ecosystem Services Using the
GUMBO Modd. Ecological Economics 41: 529-560

See also: Portella, R. R. Boumans, and R. Costanza. Ecosystem services from Brazil's Amazon rainforest: Modeling
their contribution to human's regional economy and welfare and the potential role of carbon mitigation projects on

their continued provision.




Global Unified M etamodé of the BiOsphere (GUMBO)

was developed to ssimulate the integrated earth system and assess the dynamics and
values of ecosystem services.

e isa“metamodd” inthat it represents a synthesis and a simplification of several
existing dynamic global modelsin both the natural and social sciences at an
intermediate level of complexity.

» the current version of the model contains 234 state variables, 930 variables total, and
1715 parameters.

» isthefirst global model to include the dynamic feedbacks among human technology,
economic production and welfare, and ecosystem goods and services within the
dynamic earth system.

 includes modules to ssimulate carbon, water, and nutrient fluxes through the
Atmosphere, Lithosphere, Hydrosphere, and Biosphere of the global system. Social
and economic dynamics are simulated within the Anthroposphere.

» linksthese five spheres across eleven biomes, which together encompass the entire
surface of the planet.

« simulates the dynamics of eleven major ecosystem goods and services for each of the
biomes



GUMBO Conclusions

» To our knowledge, no other global models have yet achieved the level of dynamic integration
between the biophysical earth system and the human socioeconomic system incorporated in
GUMBO. Thisisanimportant first step.

 Historical calibrations from 1900 to 2000 for 14 key variables for which quantitative time series
data was available produced an average R? of .922.

A range of future scenarios representing different assumptions about future technological
change, investment strategies and other factors have been simulated

» Assessing global sustainability can only be done using a dynamic integrated model of the type
we have created in GUMBO. But oneisstill left with decisions about what to sustain (i.e. GWP,
welfare, welfare per capita, etc.) GUMBO allows these decisionsto be made explicitly and in
the context of the complex world system. It allows both desirable and sustainable futuresto be
examined.

» Ecosystem services are highly integrated into the model, both in terms of the biophysical
functioning of the earth system and in the provision of human wefare. Both their physical and
value dynamics are shown to be quite complex.

» The overall value of ecosystem services, in terms of their relative contribution to both the
production and welfare functions, is shown to be significantly higher than GWP (4.5 timesin this
preliminary version of the model).

» “Technologically skeptical” investment policies are shown to have the best chance (given
uncertainty about key parameters) of achieving high and sustainable welfare per capita. This
means increased relative rates of investment in knowledge, social capital, and natural capital, and
reduced relative rates of consumption and investment in built capital.




From: Costanza, R. F. Andrade, P. Antunes, M. van den Belt, D. Boersma, D. F.
Boesch, F. Catarino, S. Hanna, K. Limburg, B. Low, M. Molitor, G. Pereira, S. Rayner,
R. Santos, J. Wilson, M. Young. 1998. Principles for sustainable governance of the
oceans. Science 281:198-199.

Gund I nstitute for Ecological Economics, Univer sity of Vermont
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 Mode for Designing a Building as Education Program

— Continuous engagement and meetings of students, staff, faculty, UVM facilities
and operations personnel, and more

» Highest Standards for Competition

— Spexcific requirements for “green building” experience and excellence
— 24 National and Regional Firms Submitted Proposals
— 4 Top Firms Selected for Final Presentations (2 VT, 2 Out-of - State)

Competition Winner: Maclay Architects and Associates
Waitsfield, Vermont

s
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Goal: building (as) an ecosystem

producing a net positive contribution to built capital, human capital (education), social
capital (community interactions) and natural capital (ecosystem services)



]

Wﬁ PRACTICE WHAT WE TEACH

Incorporate ecological design principlesinto
building design, renovation and construction

* model for energy efficiency
eminimize harmful substances
“ green certified” forest products (from our lands)
recycled steel, wood, and other materials
* Innovationsin heat(i:ng, cooling, wastewater trtmt
scost effectiveness

Buildings become active “learning centers’, part of the
curriculum, and models for what can be done
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Opportunities for Leadership in Integrated,
Transdisciplinary

Researioéachisa vice

Ecological Economics
Ecological Design

Environment and Business

Human and Ecosystem Health
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The Environmental University: Why Does it Matter?

Situation:
- growing “global environmental debt”
o alteration of ecosystem processes threatens quality
of life and economic vitality just as economic deficits
e ecological, social, political, & economic implications

Need :

- to educate a new generation of leaders, citizens, and
ecosystem thinkers who understand “interconnectedness’

 have knowledge and skills to imagine solutions, design
alternative systems, develop ecologically based economies

* build capacity for new ecologically based enterprises




Why UVM?
--Vermont - history, ecology, culture, economy, and
working landscape

-- Strong Academic Programs - environmental interest
and expertise across the campus; history and reputation
for environmental excellence

New graduate certificate in Ecological Economics

-- Environmental Council - proactive, engaged,
Institutional conscience

-- Centerg/Institutes - to serve as bridges and integrators
- 1.e. Gund Institute




. 1

Real State of theWorld

Optimists Are Right
(Resources are unlimited)

Skeptics Are Right
(Resources are limited)

Technological
Optimism
Resources are unlimited
Technical Progress can
deal with any challenge
Compitition promotes|
progress, markets are the
guiding principl€

Star Trek

Fusion energy becomes
practical, solving many
economic and environmental
problems.

Humans journey to the inner
solar system, where population
continues to expand

(mean rank 2.3)

Mad M ax

Oil production declines and no
affordable alternative emerges.
Financia markets collapse and
governments weaken, too broke
to maintain order and control
over desperate, impoverished
populations.

The world is run by
transnational corporations.

(mean rank -7.7)

Technological
Skepticsm
Resources are limited
— Progress dependslesson
S technology and more on
socia and community
development
Cooperation promotes
progress; markets are the
servants of larger goals

dView & Policy

Big Gover nment

Governments sanction
companies that fail to pursue
the public interest.

Fusion energy is dow to
develop due to dtrict saftey
standards.

Family-planning programs
stabilize population growth.
Incomes become more equal.
(mean rank 0.8)

EcoTopla

Tax reforms favor ecologically
beneficent industries and punish
polluters and resource depleters.
Habitation patterns reduce need
for transportation and energy.
A shift away from consumerism
increases quality of life and
reduces waste.

(mean rank 5.1)

from: Costanza, R. 2000. Visions of alternative (unpredictable)
futures and their usein policy analysis. Conservation
Ecology 4(1):5. [onling]
URL: http://www.consecol.or g/vol4/issl/art5




Changes in human well-being under
Millennium A ssessment scenarios

_ I n three Of the f OUI’ M A get change in components of human well-being
scenarios, between three and
five of the components of
well-being (material needs,
health, security, social
relations, freedom) improve
between 2000 and 2050

INCREASED

Order from
Strength

Global

Adapting
Orchestration TechnoGarden

Mosaic

— In one scenario (Order from -
Srength) conditions are
projected to decline,
particularly in developing
countries

. Industrial countries

. Developing countries

DECREASED

-6
Source: Millennium Ecosystem Assessment
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Tier 1 (Reflective)
Social concensus on broad goals and vision of the future,

combined with scientific models of dynamic, non-
equillibrium, long-term ecological economic interactions.
Here, environmental problems are classified according to
the risk to social values they entalil.

Tier 2 SActio n)

Resoulution of conflicts mediated by markets, education,
legal, and other institutions, combined with short-term,
equillibrium models of interactions and optimality.
Here, particular action criteria are applied, acted upon, and
tested in particual situations.

Gund I nstitute for Ecological Economics, Univer sity of Vermont




Gund I nstitute for Ecological Economics, Univer sity of Vermont




Some | mplications for
Policy and
| mplementation:

Making the Market Tell the
Truth

Dealing with Uncertainty:
Changing the Burden of Proof

Sustainable Trade

Gund I nstitute for Ecological Economics, Univer sity of Vermont




Bernow, S., R. Costanza, H. Daly, et. Al.. 1998. Ecological tax reform. BioScience 48:193-196.

Costanza, R. and L. Cornwell. 1992. The 4P approach to dealing with scientific uncertainty.
Environment 34:12-20,42.

Gund I nstitute for Ecological Economics, Univer sity of Vermont




See: EKins, P., C. Folke, and R. Costanza. 1994. Trade, environment and
development: the issuesin perspective. Ecological Economics 9:1-12.

Costanza, R., J. Audley, R. Borden, P. Ekins, C. Folke, S. O. Funtowicz,
and J. Harris. 1995. Sustainable trade: a new paradigm for world welfare.
Environment 37:16-20, 39-44.

Gund I nstitute for Ecological Economics, Univer sity of Vermont




Surprise Washington!
US s already halfway to Kyoto!

Gund I nstitute for Ecological Economics, Univer sity of Vermont




